ABSTRACT A major risk fset that must be considered in design of the NatiOnal Ignition Fseility is th possibility for catastrophic self.focusing ofthe 351-nm beam in the silica optical components that az in the final section of the laset Proposed designs for the lasez are analyzed by the beampropagation code PROP92. A 351..nm self..focusing experiment induction of irseking damage, was done to provide data for validation of this code. The measured self-focusing lengths weit correctly predicted by the code.
INTRODUCTION.
Proposed las designs for the National Ignition Facility1 are analyzed by a recently developed code, PROP92, which can treat one or two transvezse dimensions and one linear pobrization. The code uses fast..Fourier-transform propagators on a rectangular grid. It models amplification, losses, refrtion, diffraction and harmonic conversion.
The codes must also describe the modification by smaliscale self-focusing of the intensity distribution in the beam. Modeling ofself4ocusing begins with decompOsitiOn ofthe input laser beam into a distribution ofplane waves. The spatially averaged intensity can be attributed to aprimary component with amplitude Ep and propagation vector ks,. Ripple on the input beam can be attributed to interfeince between the primary field (Ep. kp) Wid a family ofweak secondary fields (Es, ko),wh&e e isthe angle between kO 1d kp.
Propagalion of this input field through a laser chain causes amplification of the amplitudes E of the noise waves, and thezefore, increase in the depth of the intensity ripple. There is an intuitive model that describes this amplification as scattering from an induced refrsefiveindex grathig. The refractive index is usually written as n = n + yl, where the coefficient ygives the induced change in index per unit intensity I.
When one of the weak fields is superimposed onto the primary beam, the intensity variation in the optical intezference pattern causes an induced peziodic change ofindex in the glass through which the pulse is propagating. Reflection from the induced grating moves an equal fraction ofthe energy in each of the two interfering waves into the other the net flow of eneigy is from the intense primary wave into the weak wave.
Analysis by Bespalov and Thianov indicated preferential amplification for weak waves that weic propagating at angles within a band O centered at O =f. Forfused silica, y= 2.7 x 1016 cm/W at 1053 nm, and On ranges from 1300 prad at intensity of3 GW/cm2 to 1600 irad at 5Gw/cm'. For these angles, the characteristic rile dimensions are = = 0.6to 0.8 mm. Sevetal tests have been done to confirm that the code PROP92 accurately describes nonlinear refraction of a 1053.nm beam during its propagation through a Ndglass las&. At the output ofour fusion lasers, the 1053-nm beam is harmonically converted to 351 urn. The 351-nm beam propagates through a few silica components to the fusion target This papei describes modeling of a small-scale 351-nm self-focusing experiment that was done to verify that PROP92 adequately describes nonlinear refraction of this ultraviolet beam.
EXPERIMENTAL ARRANGEMENT
A diagram of the experiment is shown in Fig. 1 . The 351-nm beam was generated by harmonic conversion of a 1053-nm beam. The arrangement of the experiment was selected to allow (1) separation of the residual 1053-and 527-nm light, (2) preservation of the optimal intensity distribution in the 351-nm beam, and (3) careful disgnostics for the 351-nm light.
The 1053-nm source laser provided 1-us pulses in a 22-mm-diameter beam that had been shaped by apodization and image relaying. In such a laser, the 1053-nm beam intensity is most uniform in image-relay planes, and the 351-nm beam with optimal uniformity is obtained by placing the convertor ciystals in such a plane. As either the 351-nm or the 1053-nm beam propagates away from an image.reIay plane, the uniformity ofits intensity degrades. Therefore, 351nm experiments should be conducted in the immediate proximity of the KDP crystals. This requirement complicates frequency separation.
Circumvention of the principal difficulties was done by incorporating an image-relaying spatial ffltet into our experiment The multi4requency beam from the convertor was passed through a 3° silica prism and a spatial filter. The pinhole in the filter was pOsitiOned to transmit the 351nm light it blocked the residual 527-and 1053-nmbeams. The lenses in the filter also served as an image-relay paii They imaged the exit plane of the KDP crystals onto aplane in the cenier ofthe seff'focusing sample. The angular acceptance angle ofthe spatial filter was 250 irad Qialfsegle). Therefore, relay.imaging of the 35l.nm beam preserved its optimally uniform iatenSity and largely eliminated intensity modulation with charactedstic dimension smaller than Ax = 1.4 mm.
The filtezed 351-nm beam opagated through two bare silica splitters and a silica rod with length of2O cm. During most experiments, a wire was pled in the beam at a distance of 1 m from the sample. The fluence disiribution in the 351-nm beam, at the plane of the wire and at the input plane ofihe sample, was recorded by CCD camuas. Pulse energy was measured with an thsorbinggIass calorimet&, aild the pulse waveform was recorded by a streak camera.
Because accurate recording of the fluence distribution was a primary objective of the experiment, we initially used redundant CCD cameras. 1\vo cameras were used to record a single plane in the beam. The two diagnostic beams fr these cameras were reflected from the opposite sides ofa wedged silica splitter. Each diagnostic beam contained a single lens that imaged the selected beam plane onto the camera, and attenuats that were made ofabsorbing-glass filters. We found that all of our absofting.giass ifiters caused significant phase distortion. With propagation, phase error is converted into amplitude enor that can be observed by the cameras. Conversion from phase error to amplitude error was largely eliminated by placing the filters either very close to the camera (image plane) or in the object plane. Image distortion by the silica lenses and splitters, and by the CCD cameras, was not a significant problem. At the end of this effort, we had learned to make redundant recordings that contained essentially identical images of largescale (1-5 mm) intensity ripple, but some differences remained for smaller ripple, which is in fact most important in a 351-nm self-focusing experiment A typical image of the fluence distribution in the beam is shown in Fig. 2 .
Once we had the diagnostics installed, the experiment was particularly simple. The energy was sequentially increased until tracking damage was observed in the sample. The length of the tracked region was determined through visual inspection with intense white-light illumination. The untracked length in front of the damage was defined to be the self-focusing length, L. Note that the thickness of the two silica splitters possibly should be included in L, but this is not required in a test of the codes. The intensity was defined to be the spatial average (over a circular aperture with diameter of 15 mm ) at the maximum in the temporal waveform. 3. MODELING Therecorded image of the fluence distribution in the 351-nm beam, in the plane ofthe wire, was used as input to PROP92. Itwas placed on a square grid that was just large enough to contain the beam.
Usuafly, thegrid contained 1024 x 1024 pixels. We assumed that the nonlinear refractive index coefficient of silica was (3.6 0.6) x 1016 cm2/W at 351 nm'. Ifa wire had been used in the experiment, its shadow was imposed on the beam mathematically. The code then propagated the beam through the splittezs and the sample, and for eseh spatial step along the beam path, recorded the largest intensity anywhere within the beam.
Two examples am shown in Fig. 3 . The calculated intensity increased abruptly at a particular position in the rod, and then stabilized at a value that was governed by the pixel size in the grid. That is, an additional increase in the intensity was not observed once the diameter of a self-focusing filament was less than the width ofa pixeL For the case with a wire in the beam, there is close agreement between the position of the steep rise in calculated intensity and the measured tracking length. Without the wire, the agreement is acceptable, but not so precise. We believe that the reduction in precision for the latter case is a result of depending solely on the CCD image for a determination of the input ripple. Finally, it is interesting to note that exact knowledge of the bulk damage threshold is not required because the increase in intensity is so abrupt. 
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